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of	fibers	can	play	a	very	 interesting	 role	 in	 the	delivery	of	 the	active	prin-
ciple.	





































have	 been	 applied	 onto	 textiles	 using	 different	 vehicles	 as	micro	 or	 nanocapsules	 in	 order	
to	improve	the	fixation	on	the	fabric	and	the	progressive	and	effective	release	of	the	active	
principle	into	the	different	skin	layers	(stratum corneum,	epidermis	or	dermis).
1.2. Mechanisms involved and their quantification 










that	 can	 improve	 skin	 permeability	 and	 allow	 for	 drug	 penetration	 [7-14].	 Specifically,	
transdermal	 drug	 delivery	 is	 a	 viable	 administration	 route	 for	 powerful,	 low-molecular-
weight	therapeutic	agents	that	either	can	or	cannot	withstand	the	hostile	environment	of	the	
gastrointestinal	tract	[6].	Regardless	of	the	necessity	for	physical-chemical	enhancement,	for	






permeation	 data	 are	 fitted	 by	 the	 following	 equation,	 which	 suitable	 for	 describing	 the	
permeation	of	a	drug	through	a	thin	membrane:
																																																												(1)
	 where	Mt	 is	 the	total	amount	of	drug	that	passes	through	the	layers	of	skin,	Ls is the 
thickness	of	 the	stratum corneum	 and	L
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	 	 	 	 (2)	
	 Where	Mt	is	the	amount	of	drug	released	at	time	t,	M∞	is	the	maximal	amount	of	the	














	 	 	 	 (3)
	 The	most	widely	used	model	 to	describe	drug	release	 from	matrices	 is	derived	from	
Higuchi	for	a	plane	geometry,	which	is	applicable	for	systems	of	different	shapes	as	well.
    (4)
2. Active Principles used in Micro/Nanoencapsulation for textiles 
2.1. Polymers
	 Encapsulation	 is	one	of	 the	 techniques	used	 to	 apply	 substances	 to	 textiles	 [33,	34].	
Biodegradable	polymer	micro-	or	nanoparticles	are	of	great	interest	as	drug	delivery	systems	
because	of	 their	ability	 to	be	 reabsorbed	by	 the	body.	Synthetic	aliphatic	 linear	polyesters,	
such	as	poly-ε-caprolactone	 (PCL),	 are	often	used	 in	biomedical	 applications	 [35]	because	





























to	prevent	 the	 external	 aggression	of	oxidative	 stress	 in	human	beings.	The	 route	 to	 apply	
different	 compounds	 is	 clearly	 through	 the	 skin.	When	 topically	 applied,	 these	 exogenous	
antioxidants	have	been	demonstrated	to	diminish	the	effects	of	free	radicals	by	using	defense	
mechanisms	similar	or	complementary	to	those	of	endogenous	antioxidants	[40-41].




Figure 3: SEM	micrographs	of	PCL-Microspheres	with	GA.	A)	Cotton	fabric	(x1000).	B)	Polyamide	fabric	(x1000) 
 CO	fibers	allow	 the	microspheres	 to	be	placed	 in	corners	and	spaces	which	create	a	
proper	fiber	structure	and	PA	accepts	 the	microspheres	between	fibers.	Visually,	PA	retains	







	 Using	Eq.	(2)	on	 the	values	of	 the	first	steps	(Figure 4),	 the	exponent	n	 is	obtained,	
which	is	indicative	of	the	drug	delivery	mechanism	(Table 2).
3. Lípids as Vehicles for Skin Treatment 
	 Liposomes	 are	 vesicles	made	 up	 of	 lipids	 that	 can	 encapsulate	 different	 compounds	
for	 application	onto	 textiles.	Liposomes	have	been	used	 as	models	 for	 complex	biological	
membranes	 in	 biophysical	 and	 medical	 research	 owing	 to	 their	 lipid	 bilayer	 structural	
Figure 4: Kinetic	release	of	GA	(M)	applied	on	textile	fabrics	in	a	bath	of	serum	at	37°C.
Table 2: n	values	obtained	from	fitting	drug	release	experimental	data	by	equation	2.



































	 Skin	tape	stripping	is	an	 in vivo	methodology	used	to	demonstrate	the	penetration	of	
the	principle	into	the	outermost	layers	of	volunteer	forearm	skin	[55,	56].	This	is	a	minimally	












3.2.1. Liposome/Mixed Micelle Preparation for Gallic Acid
















	 Liposomes	 and	 mixed	 micelles	 were	 also	 applied	 to	 textiles	 in	 triplicate	 with	 bath	





















difference	 between	 the	 droplet	 surface	 and	 the	 liquid	 beyond	 the	 charge	 cloud.	 Initial	GA	
liposome	formulation	applied	to	textiles	has	an	acidic	pH	of	3.3	with	a	zeta	potential	of	-4mV.	






Ini. weightg Fin. weight % owf Weight 1st washing % owf Weight total washing % owf
CO 2.00±0.01 10.99±0.39 7.32±2.43 5.58±0.39
PA 2.05±0.04 16.34±1.23 12.73±1.94 7.31±0.64
PES 2.07±0.01 14.05±1.15 9.64±1.53 2.05±0.50
PAC 1.98±0.06 17.44±1.09 13.20±0.93 4.25±0.33





values	 than	 the	 hydrophobic	 fibers.	 PAC	 and,	 especially	 PES	 fibers	 contain	 sulfonic	 and	
carboxylic	groups,	respectively,	contributing	to	the	most	negative	zeta	potential.	Because	WO	
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Formulation Mean Size (nm) Polydispers. Index Z-Potential (mV)
Liposome	4%	PC 717.40±56.25 0.74±0,03 -4.3±0.30
Liposome	0.4%	PC 407.47±24.07 0.79±0,03 -46.3±1.08
Liposome	0.2%	PC 367.80±	8.51 0.84±0,10 -49.2±0.90
Liposome	0.1%	PC 395.07±	28.84 0.60±0,14 -57.1±0.20
Mix.	Micelle	4%	PC 8.05±	0.08 0.13±0.02 -4.07±0.01
Mix.	Micelle	0.4%	PC 8.23±0.17 0.10±0,01 -8.69±1.28
Mix.	Micelle	0.2%	PC 10.53±0.06 0.14±0.05 -20.47±1.17
Mix.	Micelle	0.1%	PC 55.35±0.08 0.09±0.01 -19.13±0.29
Table 6: Percentage	(%	owf)	of	mixed	micelles	absorbed	and	desorbed	on	CO	and	PA	using	the	foulard	process.







CO 2.01±0.10 95.28±3.22	34.3 22.23±1.50 7.07±1.0 1.11±0.13










CO 2.05±0.04 35,43±2.73 12.72±0.44 2.42±0.06












case	of	 liposomes	and	mixed	micelles	 treatments.	 Interaction	of	 lecithin	with	CO	has	been	
reported	 to	 be	mainly	 at	 the	 surface	 through	 a	 coating	 layer,	whereas	 interaction	with	 PA	
occurs	in	the	interior	of	the	fiber	[65].
	 The	higher	absorption	of	mixed	micelles	in	CO	and	especially	in	PA	could	be	due	to	




















































4. Electrosupun Nanofibers as Biomedical Devices 
4.1. Introduction
	 Over	the	past	20	years,	the	interactions	of	the	fields	of	polymer	and	materials	science	
with	 the	 pharmaceutical	 industry	 have	 resulted	 in	 the	 development	 of	what	 are	 known	 as	
drug	delivery	systems	(DDSs),	or	controlled-release	systems	[66-69].	Drug	delivery	systems	
can	be	classified	according	to	the	mechanism	that	controls	the	release	of	the	drug	[70],	such	











 Here,	 the	 properties	 of	 a	 different	 drug-delivery	 system,	which	 consists	 of	 different	
nanofiber	membrane	configurations,	were	examined.	The	membrane	configuration	was	based	
on	 sandwiching	 the	 drug	 between	 two	 adjacent	 layers	 of	 electrospun	 PLA	membranes	 to	
determine	 the	mass	 transport	 behavior	 of	 the	 drug	 through	 different	 polymeric	membrane	
configurations.
	 Similar	studies	have	been	conducted	by	Fied	et	al.	[78]	with	the	purpose	of	developing	
ultrafiltration	membranes.	 Tiemessen	 et	 al.	 [79]	 have	 also	 described	 a	 so-called	 occlusion	












who	 recently	underwent	 an	operation,	when	 in situ	 application	 is	 required.	 In	 some	cases,	
this	particular	membrane	can	act	not	only	as	a	carrier	but	also	as	cavity	filler	with	therapeutic	
agents.



















4.2. Experimental results of Nanofibers formation








4.3. Sandwich configuration with Ibuprofen or Caffeine
	 Ibuprofen,	 or	 caffeine,	 was	 placed	 between	 two	 adjacent	 layers	 of	 the	 polymeric	
membranes.	When	the	first	layer	of	the	electrospun	membrane	was	dried	and	solidified,	the	
drug,	which	was	 in	 a	 dried	medium,	was	 evenly	 dispersed	 on	 the	membrane	 surface.	The	




























4.6. Scanning Electron Microscopy (SEM)






	 The	membrane	 thickness	was	 determined	 for	 the	 PLA	membranes	 obtained	 after	 5,	

































































that	 the	drug	 transport	mechanism	through	 these	membranes	 is	usually	a	solution-diffusion	
mechanism.	Though,	 this	 is	not	sufficient	 to	prove	the	mechanism	of	drug	release.	For	that	
reason,	 the	 releasing	mechanism	(n)	of	 ibuprofen	was	calculated,	according	 to	Power	Law	
equation	(2)	[83].







	 However,	 for	 membranes	 obtained	 after	 10	 and	 20	 minutes	 of	 electrospinning,	 the	
exponent	n	takes	a	value	of	0.5	or	very	close	to	0.5.	It	indicates	that	diffusion	is	the	mechanism	
controlling	 the	 release	 of	 ibuprofen.	Therefore,	 drug	 transport	 initially	 occurs	 through	 the	















































(mg) KH Diffusivity (cm
2/s)
10 5 0.033 1.8395E-08
10 10 0.030 2.2564E-08
10 15 0.029 3.3436E-08
20 5 0.028 2.1899E-08
20 10 0.026 2.6895E-08
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